MATRIX DISPLAY HAVING ADDRESSABLE 
DISPLAY ELEMENTS AND METHODS 



FIELD OF THE DISCLOSURE 

The present disclosure relates generally to matrix display 
devices, and more particularly to display devices comprising matrices of 
addressable display elements suitable for use in low power electronics 
devices, for example, in battery-powered wireless mobile communications 
devices, and methods. 



BACKGROUND OF THE DISCLOSURE 



May-Many existing matrix display devices, for example, Thin- 
Film-Transistor (TFT) displays having RAM-less driver Integrated Circuits 
(ICs), operate on 4 control signals: vertical sy;^ 

nc); pixel clock (Dotclk); and 



e 



enable ( OE) signals. The wM4eai~'S^^€te i eMz^#ee^Vsync} signal or other 



signal controls each frame. The I 



nc) signal 



or other signal controls each line. The »x<4"€teek"iDotclk) signal or other 
signal controls each pixel. And the data e^fm^>m^Me4 : OE) signal or other 
signal determines whether the input data is valid or invalid. Data are 
written when the OE signal is active in synchronization with the Vsync, 
Hsync and Dotclk signals. 
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Prior Art FIG. 1 illustrates timing waveforms for a conventional 
4x4 matrix TFT display active at 60 frames per second (fps). In the Vertical 
Timing waveform, the Vsync pulse indicates the start of a new frame. 
Within each frame, there are four Hsync pulses corresponding to each of the 
four horizontal rows. In the Horizontal Timing waveform, the Hsync pulse 
indicates the start of a new row. Within each row, there are four Dotclk 
signals corresponding to each of the four pixels in each row. The OE signal, 
which is active when high, indicates that the input is valid display data. 

It is known generally to activate only portions of the display by 
adjusting the OE timing signal so that a portion of the display is inactive. In 
Prior Art FIG. 2, the OE timing signal is active on only horizontal rows 2 
and 3 of the display, but not on rows 1 and 4 of the display where in rows 1 
and 4 are inactive. The active portion of the display may start from any 
row, depending on when the OE signal in the Vertical Timing axis is active. 
The partial screen size may vary from one row to full screen depending on 
the duration of the OE active pulse. Areas of the display where the OE 
signal is inactive are non-display areas where images are not shown. 

The various aspects, features and advantages of the disclosure 
will become more fully apparent to those having ordinary skill in the art 
upon careful consideration of the following Detailed Description thereof 
with the accompanying drawings described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a prior art matrix display timing-diagram for a fully 
active display. 

FIG. 2 is a prior art matrix display timing-diagram for partially 
active and partially inactive display portions. 

FIG. 3 is a schematic illustration of a matrix display device 
having active display elements addressed at different rates or frequencies. 

FIG. 4 is schematic diagram of an exemplary addressable 
display element. 

FIG. 5 is more detailed schematic diagram of an exemplary 
addressable display element. 

FIG. 6 is an exemplary display device comprising a plurality of 
individually addressable display elements. 

FIG. 7 is an exemplary timing diagram for an exemplary matrix 
display device. 

FIG. 8 is an exemplary schematic of a display device with 
control timing and driver elements. 



DETAILED DESCRIPTION 



FIG. 3 illustrates an exemplary display device 300, for example, 
a thin-film-transistor-display, comprising a 4 x 4 (n x m) array of 
addressable display elements. Other displays types may be employed in 



other embodiments. According to one aspect of the disclosure generally at 
least some display elements are activated or addressed, for example, 
refreshed, at a first rate and other display elements are activated or 
addressed at a second rate. In FIG. 3, for example, the four central active 
display elements 310, 312, 314 and 316 are addressed at a rate of 60 frames 
per sec (fps), and the remaining display elements are addressed at a lesser 
rate of 15 fps. In some embodiments, power consumption of the display 
device is reduced by addressing at least some of the display elements at a 
lesser rate than others, since power is proportional to the frequency with 
which the display elements are addressed. 

FIG. 4 illustrates an exemplary addressable display element 400 
comprising generally a display pixel 410, for example, a liquid crystal 
display (LCD), or a light emitting diode (LED), electro-luminescent (EL), 
etc., coupled to a switch 420, which is enabled and disable by addressable 
logic 430. The exemplary display element includes a row electrode 450 and 
a column electrode both coupled to the logic 430. The exemplary display 
element also includes row and column address inputs, examples of which 
are discussed further below, to the addressable logic. The exemplary 
display pixel 410 includes a capacitor 440 disposed in parallel therewith, 
both of which are coupled to a bias voltage electrode 470. Generally, the 
switch 420 activates the display pixel 410 when logic inputs satisfy a logical 
condition. 

FIG. 5 is a more detailed diagram of an exemplary addressable 
display element 500, which comprises a display pixel 510 and a 



corresponding parallel capacitor 520. The display pixel 510 is coupled to a 
switch 530, for example, to the source or drain of a field effect transistor 
(FET). Other switching elements may be used in other embodiments. The 
exemplary logic includes an addressable latch 540 having an output coupled 
to a controlling input of the switch 530. The exemplary latch includes a row 
address comparator 542 and a column address comparator 544, both of 
which have outputs coupled to inputs of a logic gate, for example, an AND 
gate 546. The output of the exemplary logic gate is coupled to the switch 
530 for enabling and disabling the switch. In FIG. 5, there is also a capacitor 
548 coupled to the input of the switch 530 and to the output of the logic gate 
546. The switch enabling output of the exemplary AND gate 546 charges 
the capacitor 548, which enables the logic controlled switch thereby 
activating the display element. Data may be written to the pixel of the 
display element when activated, for example, to refresh the pixel or write 
new data to the pixel. In one embodiment, the capacitance of the pixel 
capacitor 520 is much greater the capacitance of switch enabling capacitor 
548. 

In the exemplary addressable display element of FIG. 5, the 
display element is activated by applying row and column address inputs 
and row and column electrode inputs to the display element logic, which 
controls the logic controlled switch 530, as discussed above. The row 
address input 552 and the row electrode input 554 are compared by the 
comparator 542, and the column address input 556 and the column 
electrode input 558 are compared by the comparator 544. The output of the 
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two comparators 542 and 544 controls the activation of the display pixel by 
enabling and disabling the switch 530, the exemplary operation of which is 
discussed above. In the exemplary embodiment, data may be written to a 
display element pixel only if both the output of the row address comparator 
and the output of the column address comparator are true. 

The outputs from the row address comparator and the column 
address comparator are input to the AND gate, which provides the enabling 
or disabling signal to the charging capacitor 548 used to turn on or off the 
switch for the corresponding display pixel. If the output of the AND gate is 
true, switch capacitor 548 is charged, thus enabling the switch 530. The 
enabled switch 530 permits charging capacitor 520, which activates the 
exemplary display pixel 510 so that it may be refreshed or updated. If the 
output of the AND gate 546 is false, capacitor 548 is not charged, the 
transistor remains OFF, and data cannot be written to the display pixel 510. 

FIG. 6 is an exemplary display device 600 comprising a 
plurality of individually addressable display elements, for example, 
addressable display elements of the exemplary type illustrated in FIG. 4 or 
in FIG. 5. FIG. 7 illustrates exemplary waveforms of rows and columns 0, 1, 
2 and 3 corresponding to the active pixels addresses (Addr) 5, 6, 9 and 10 in 
FIG. 6. The row addresses (00, 01, 10, 11) and column addresses (00, 01, 10, 
11) are provided externally, as discussed further below. The number of bits 
representing the row and column addresses increase as the number of rows 
and columns increase. In FIG. 7, "ti" is the time duration to decode the pixel 
row address and column address. // t2 // is the time duration to charge the 



switch enabling capacitor, e.g., switch capacitor 548 in FIG. 5. The switch 
enabling capacitor enables the display element switch, the operation of 
which is discussed above. In FIG. 7, "V C i" is the charged up voltage of the 
switch enabling capacitor, e.g., capacitor 548 in FIG. 5, and "V C2 " is the 
charged up voltage of pixel capacitor, e.g., capacitor 520 in FIG. 5. The time 
required to charge the switch enabling capacitor is less than the pixel 
capacitor because the capacitance of the switch enabling capacitor is 
substantially lees less than the capacitance of the pixel capacitor. In FIG. 7, 
"V C 2" is generally different for each active pixel since the intensity of each 
pixel is generally different. Alternative addressable display elements may 
have different timing signal diagrams. 

FIG. 3 illustrates Vsync, Hsync Dotclk and OE signals, which 
are applied to the rows and columns of an exemplary matrix of display 
elements. FIG. 3 also illustrates row and column address inputs applied to 
the matrix of display elements. In the display and driver schematic of FIG. 
8, a timing signal generator 810 generates display input signals, for example, 
the Vsync, Hsync, Dotclk, OE 7 (or equivalents) and the row address and 
column address inputs illustrated in FIG. 3. A driver integrated circuit (IC) 
coupled to the output of the timing signal generator processes the input 
signals from the timing signal generator, and outputs the high voltage row 
and column waveforms to the display matrix 840, for example, the thin- 
film-transistor display matrix array illustrated in FIG. 6. 
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In FIG. 8, a baseband processor 830 generates the control 
signals for the timing signal generator 810 via a parallel or serial interface. 
By providing a display device comprising a matrix of addressable display 
elements, for example, those illustrated in FIGS. 4 and 5, select portions of 
the display may be activated by addressing specific display elements. The 
size and location of the active display portion may be selected and changed 
dynamically depending on changing display requirements. For example, 
the display may be reconfigured to reduce power consumption based on the 
size of active window. These features are useful in low power applications, 
for example, in mobile wireless communications devices including battery 
power cellular telephones, among other devices where it is desirable to 
reduce power consumption. In other applications, power consumption is 
not necessarily a concern, and it may be desirable primarily to selectively 
control the activation of display elements. 

The exemplary matrix display device and more particularly the 
display elements thereof may be activated, for example, to be rewritten with 
new data or to be refreshed, at different frequencies. In some applications, 
it may be possible or desirable to activate groups of display elements at 
different rates, for example, to reduce power consumption or to reduce 
processing and/ or memory resources. Overall power consumption is 
generally proportional to frequency. In one application, for example active 
and background windows can be addressed with different frequencies as 
shown in FIG 3. This operation should be transparent to the users even 
though the frame update ¥ate -rates of the active and background windows 
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ift~are different. According to the calculations below, a power savings of 
approximately 50% may be obtained compared to conventional display 
operation that does not include reducing the activation rate for some 
display elements. In the example below, four (4) foreground pixels are 
pixels are activated at 60 frames per second (fps) and twelve (12) 
background pixels are activated at 15 fps. 



Power (foreground) = 60 * 4Cs * V2 (@ 60 fps) 

Power (background) = 15 * 12 Cs * V2 (@ 15 fps) 

Total Power = 420 Cs*V 2 



C s is pixel capacitor, for example, capacitor 440 in FIG. 4. By comparison, 
the power without reduced activation rate, i.e., where all 16 display 
elements are scanned at 60 fps, is 60 * 16 Cs * V2 = 960 Cs *V2. The ratio is 
420/960 = 44%. This type of operation may be desirable in applications 
where there is a standby mode of operation, for example, in cellular 
handsets, among other devices. 

In other embodiments or applications, only a portion of the 
display is activated while other portions of the display are not activated. 
This can be performed by selectively addressing the desired display 
elements with the row and column address inputs, as discussed above. 
Thus in the exemplary mode of operation discussed above, one of the 
activate rates may be such that some of the display elements are not 
activated. 



While the present disclosure and what is presently considered 
to be the best modes thereof ef fee •••im^eHtkms - have been described in a 
manner establishing possession l : hereef -by the inventors and enabling those 
of ordinary skill in the art to make and use the same, it will be understood 
and appreciated that there are many equivalents to the exemplary 
embodiments disclosed herein and that modifications and variations may be 
made thereto without departing from the scope and spirit of the inventions, 
which are to be limited not by the exemplary embodiments but by the 
appended claims. 

What is claimed is: 
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